Hemoglobin (Hb) Constant Spring is an wthalassemic hemoglobinopathy that is a major cause of severe a-thalassemia in Southeast Asians. The difficulty of diagnosing Hb Constant Spring using standard electrophoretic methods has led to interest in DNA-dependent diagnostic methods. The methods developed have had to contend with the high degree of homology of the &globin gene (the site of the Hb Constant Spring mutation) and the al-globin gene. We have developed a single reaction polymerase chain reaction-based method that uses asymmetric priming and a temperature shift to EMOGLOBIN (Hb) Constant Spring is an a-thal-H assemic hemoglobinopathy that is the result of a mutation in the translation stop codon of the a2-globin gene.',' Continued translation of a2 mRNA past the stop codon results in the synthesis of an elongated 172-amino acid a chain (normal is 141)' and destabilization of Constant Spring mRNA."6 The latter causes thalassemic gene expression and very low levels of Hb Constant Spring.?
H assemic hemoglobinopathy that is the result of a mutation in the translation stop codon of the a2-globin gene.',' Continued translation of a2 mRNA past the stop codon results in the synthesis of an elongated 172-amino acid a chain (normal is 141) ' and destabilization of Constant Spring mRNA."6 The latter causes thalassemic gene expression and very low levels of Hb Constant Spring.?
In Southeast Asian populations the interaction of the Hb Constant Spring gene (a") with deletional a-thalassemia genes is a major cause of Hb-H disease.8 Due to the lack of compensatory a1 gene expression,' the Constant Spring-Hb H syndrome is more severe than deletional Hb H diseaselO~'' and may have the potential to result in hydropic stillThus, the Hb Constant Spring gene poses a serious public health threat among Southeast Asians, and diagnosis, counseling, and prenatal diagnosis are real public health issues.
In this regard, the difficulty in electrophoretic detection of low levels of Hb Constant Spring? has led to the development of several DNA-based diagnostic appro ache^.'^"^^'' Each of these methods is technically demanding and must surmount the challenge presented by highly homologous 012-and al-globin gene^.'^.'' Although one of these approaches already has been applied to population screening," a simpler method, allele-specific fluorescence accomplish dual ends, selective amplification of d but not a1 DNA and discrimination of normal and Hb Constant Spring d genes by allele-specific fluorescence polymerase chain reaction. Advantages of this method over previous approaches include avoiding radioisotopes, precluding the need for electrophoresis, and serving as its own control for successful amplification. It is readily applicable to routine diagnosis, population screening, and prenatal diagnosis. 0 1991 by The American Society of Hematology.
polymerase chain reaction (PCR):I-23 has been suggested as the preferred diagnostic method in regions where the Hb Constant Spring gene is prevalent.'? Herein we describe an innovative method in which we use asymmetric priming and a temperature shift to accomplish dual PCR functions in a single reaction. Selective amplification of a2 DNA with an asymmetric (the sense primer was present in limiting amount) pair of unlabeled primers is favored at a high annealing temperature," and allele-specific fluorescence PCR"." using shorter sense primers with lower melting temperatures was favored at a lower temperature.
MATERIALS AND METHODS
The perfect homology of a2-and al-globin DNA in the region of their translation termination codon^''.'^ necessitates selective assessment of a2 sequences for diagnosing Hb Constant Spring. 12.15-1' Our single reaction method uses sequential amplification of a2 DNA and allele-specific diagnosis of aCb using fluorescence PCR." a The sequence of the reactions is influenced by two factors: the sense primer of the first reaction is provided in limiting amount, promoting its consumption and favoring subsequent use of other sense primers; and the fluorescent-labeled sense primers of the second reaction are shorter and have lower melting points than the sense primer of the first, favoring their use in this lower temperature reaction. Figure 1 demonstrates our method. First, a 2 DNA is selectively amplified using 20-base primers at an annealing temperature of 72°C for 10 cycles of PCR, which theoretically provides 1,000-fold more a2 DNA than ~1 . '~ These sense and antisense primers are, respectively, partly or completely identical to those we previously described." The asymmetric priming of this reaction promotes consumption of the sense primer and favors subsequent use of other sense primers provided. Second, the annealing temperature is lowered to 50°C for 40 cycles of allele-specific fluorescence pCR.?l-" In this reaction two fluorescently labeled sense primers compete for template to amplify, in conjunction with the antisense primer of the first reaction, a 165-base sequence. The labeled 15-base primers are identical except for a single base mismatch (in this case at their 3' termini); one is perfectly complementary to normal a 2 and the other to acs sequences. The perfectly matched primer is favored 100-to 200-fold over the mismatched rimer^','^ in directing allele-specific PCR of labeled product. Differential 5' labeling with fluorescein on the normal primer and rhodamine on the acs primer results in amplification of normal a2 product that fluoresces green and am product that fluoresces red. Product from heterozygous template contains both green and red DNA, which complement each other to yellow. Primers. Sequences of the primers are shown in Table 1 . Oligonucleotides were synthesized on a Cyclone model DNA synthesizer (Milligen Biosearch, Novato, CA) as described,"," except for the source of the 5' amine linker (P-LINK N-TFAc hexanolamine linkers; Milligen Biosearch). Fluorescent dyes were n-hydroxy succinamide esters of fluorescein and rhodamine (Applied Biosystems, Foster City, CA).
All four primers were added at the beginning of the reaction so that both a2 amplification and allele-specific fluorescence PCR were performed in a single reaction. Template DNA was obtained using standard phenol-chloroform extraction from peripheral blood leukocytes of controls known to have zero, one, or two a ' ' genes." Each reaction contained 0.5 kg template DNA, 50 pmol sense unlabeled primer, 2 pmol antisense unlabeled primer, 15 pmol of fluorescein-labeled normal a2 primer, 45 pmol of rhodamine-labeled a " primer, and 1.5 U Taq polymerase (Amplitaq; Perkin Elmer Cetus, Nonvalk, CT) in a 50-kL reaction. Amounts of the labeled primers were estimates. Their relative amounts were determined empirically as those that produced distinctly yellow product from heterozygous a " template. 
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The reaction was performed using a DNA Thermal Cycler (Perkin Elmer Cetus). DNA was denatured at 95°C for 5 minutes in the first cycle and for 1 minute thereafter. Annealing and extension were both at 72°C for a total of 1 minute for the first 10 cycles. For the next 40 cycles, annealing was at 50°C for 30 seconds, and extension was at 72°C for 30 seconds.
The fluorescent nature of the PCR product could have been documented by spectrofluorometry or color photography of the product separated using Centricon ClOO ultrafiltration (Amicon, Danvers, MA) or by differential filtration blacwwhite photography of electrophoretic gels.".23 We elected to separate our product and primers by electrophoresis on 10% polyacrylamide gels and perform color photography of the gel to demonstrate our results in detail, ie, discrete product bands, lack of promiscuous amplification, clear separation of product from primers. Photography was performed as described.22 Figure 2 demonstrates that normal control DNA (genotype aa/aa) directed amplification of green product, homozygous Hb Constant Spring DNA (genotype aCbdaCSa) of red product, and heterozygous Hb Constant Spring DNA (genotype acsa/aa) of yellow product, each seen as discrete 165-bp fragments. Unincorporated primers were well separated from the product by electrophoresis.
RESULTS

DISCUSSION
The method we have developed for detecting acs affords the advantages of avoiding radioisotopes and difficult technical procedures such as electrophoresis. Although we presented our data as a photograph of an electrophoretic gel to demonstrate the details of our procedure, results of this assay can be recorded using spectrofluorometry or color photography of PCR product in solution after separation from unincorporated primers,*'-*' thereby avoiding electrophoresis. Allele-specific fluorescence PCR has been described as the preferred method for detecting a ' ' in areas where its diagnosis would have the greatest impact on health care." We have refined this method in a manner that uses asymmetric priming and a temperature shift, whereby in a single reaction high annealing temperature favors selective a2 amplification and lower temperature favors allele-specific fluorescence PCR. This method is simpler than methods requiring restriction digestion, electrophoresis, and allele-specific hybridization," multiple exacting hybridization conditions for selective amplification and for allele-specific or allele-specific amplification of internal control sequences for interpretation." Our method has potential for application to routine diagnosis, population screening, and prenatal diagnosis in populations having a significant prevalence of Hb Constant Spring.
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